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Quantum technologies based on photons, including quantum information computing [1] and quantum metrology (eg. [2] ), will likely require an integrated optics architecture for improved performance, miniaturization and scalability. We demonstrate highfidelity silica-on-silicon integrated optical realizations of key quantum photonic circuits ( Fig. 1) , including two-photon quantum interference with a visibility of 94.8±0.5%; a CNOT gate with an average logical basis fidelity of 94.3 ± 0.2%; and a path entangled state of two photons with fidelity > 92% [3] . These results show that it is possible to directly "write" sophisticated photonic quantum circuits onto a silicon chip, which will be of benefit to future quantum technologies based on photons, as well as the fundamental science of quantum optics. We show how local resistive heaters can be used to control optical phase on a chip and use this technique to coherently manipulate multi-photon entangled states [4] . Finally, we demonstrate an alternative technology for photonic quantum circuits: ultra-fast laser direct write fabrication, which requires no lithographic mask, allows straightforward 3D fabrication, and expands the range of material systems available [5] .
We also demonstrate an all fibre implementation of a CNOT gate using two heralded photonic crystal fibre single photon sources. We measure an average logical fidelity of 90% and an average process fidelity of 0.83 ≤ F avg ≤ 0.91, where the imperfect operation is understood to be due almost entirely to spectral properties of the heralded sources, demonstrating near-perfect operation of the fibre CNOT gate itself [6] . Such all-fibre quantum logic will likely have important applications in future quantum networks. This miniaturization of quantum devices raises the important question of how to distinguish one device (or its corresponding quantum process) from another-something that is also of fundamental scientific interest. The indistinguishability of nonorthogonal quantum states lies at the heart of quantum mechanics. We experimentally demonstrate that discriminating between non-orthogonal processes can always be achieved with finite uses of the unknown process, in stark contrast to the situation for quantum states. We use either entanglement or an additional known process to deterministically and unambiguously discriminate between non-orthogonal measurement and unitary processes. Finally we experimentally demonstrate that non-local multipartite unitary processes can be locally distinguished i.e. without entanglement. Our processes act on photons and are discriminated with a confidence of > 97% [7] .
